We modeled the effect of the deformation of a Density Gradient Zone ( DGZ) on a local gravity field using a cubical model and introduced a new method to simulate a complex DGZ ( CDGZ) . Then, we analyzed the features of the model for the influence of the deformation of the DGZ on the local gravity field. We concluded that land-based gravity is not sensitive to the thickness of the DGZ and that the magnitude of the contribution of the DGZ is one order less than that of the volume strain with the same displacement.
tinuous medium with a cavity, including the influence of ground vertical deformation. More recently, Shen [Sl extended the integral expression to large-scale crustal movement to allow the simulation of the coupling of regional crust deformation and changes in gravity. However, a practical formula was not available because of the complex integral region and integrable functions.
In the present study, we modeled the effect of deformation due to a Density Gradient Zone ( DGZ ) on local gravity using a cubical model and introduced a new method to simulate a Complex Density Gradient Zone ( CDGZ) . Then, we analyzed the features of the model for the influence of the deformation of the DGZ on the local gravity field. We concluded that landbased gravity is not sensitive to the thickness of the DGZ and that the effect of the DGZ is one order less than that of the volume strain with the same displacement.
Changes in gravity due to the deformation of a DGZ
According to the general formula, the changes in gravity due to the deformation in a continuous medium with ' ?] • In general, if the density of the deformed volume is constant in an isotropic medium, then the first term of formula ( 1 ) degenerates into the influence of volume strain. However, the property of the crust varies with space significantly, so the density of the deformed volume cannot be assumed as constant with long-term tectonic activity. This procedure can be described as follows[BJ :
where 01 = V u is the volume strain , and gradp is the vector of the density gradient.
Substituting equation ( 2) into ( 1 ) and defining 6g 8 and 6g 2 , we obtain: 
Changes in gravity due to the vertical displacement of the DGZ
As shown in figure 1 , the cubical model was applied to simulate the changes in gravity due to the vertical displacement of the DGZ. The parameters of the cubical model were designed as follows: the density of the blue region is Ptz , the density of the yellow region is pz. , the red region is the DGZ with a range from Z 1 to Z 2 , and u · gradp is defined as follows : 
where Pilz is Pz. -p 1 z.
Substituting equation ( 5 ) 
We obtain the following final expression :
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2o2 Changes in gravity due to the horizontal displacement of the DGZ The infinitesimal deformation assumptions must be arranged to construct the models , and the term u o gradp is defined as follows :
x2 :s::;;;x<+oo Substituting equation ( 7) into ( 4) for the limit , is given as follows :
Comparing equations ( 8) and ( 6) 
with
Geodesy and Geodynamics Vol.4 According to the principle of superposition, the total changes in gravity due to a deformed DGZ and DI can be described as follows :
(10) 
The Green function M ( P, Q) is consistent with the previous definition. Px ,pil< and i)giJx denote the density for the x-direction, the density change for the x-direction and changes in gravity caused by the x-direction displacement, respectively. Substituting equation ( 12) into ( 11 ) , we obtain :
Zlm Liangyu,et al.Theoretical simulation of the effect of deformation on local gravity in a density gradient zone For the purpose of investigating the influence of depth on the surface gravity, we employ the cubical model given in figure 3 . Keeping the other parameters constant , we obtain the gravity anomaly on the original point with a change in depth from 1 km to 100 km and incorporate the result into figure 5 . The gravity changes are not sensitive to the depth in the high value range.
However , in the shallow layer, especially for the seismogenic zone, the deformation of the DGZ has a tremendous impact on the local gravity field.
As crucial parameters in the simple model , the area and thickness of the cube may play an important role in estimating the gravity due to the dynamic process shown in figure 3 . To further analyze this problem, keeping the other parameters constant and altering the thickness , we obtain the changes in gravity on the original point, shown in figure 6 . Upon analyzing the result that indicates that the gravity only varies 1 X 10-8 ms -2 with an increase in cube thickness of 18 km, we conclude that the difference in influence between the DI and the DGZ at a thickness of 18 km can be ignored in the present model , as defined in figure 3 . The DGZ can generally be simplified as DI.
Next, by altering the width/length of cube, we obtain 
Gravity anomaly caused by the volume strain
in the z-direction in UDB Equation ( 12) gives an expression of the change in gravity due to the volume strain, which contains three components in UDB. We consider a dynamic cubical model that is 2 km thick , is 20 km in length and width, is buried 40 km underground and has a density of 2800 kglm . In contrast to figure 4' the magnitude of the gravity anomaly in figure 10 is an order larger because the density is approximately ten times larger than the difference in density.
Method for a CDGZ
In this section , we introduce a practical method for estimating the gravity anomaly caused by the deformation in a CDGZ based on the previous cubical model. As shown in figure 11 , for a CDGZ model, the red region represents the CDGZ, which comprises hundreds of uniform density cubes and density gradient cubes. According to equation ( 13) , we can calculate the gravity anomaly by superimposing each cubical model in the CDGZ. 
Conclusions and discussion
In the present study , we derived practical expressions for surlace gravity anomalies due to the deformation of a DGZ, DI, and UDB and analyzed the features that explain how the parameters of deformed sources, including geometry and density, influence the local gravity field in a CDGZ. Through theoretical derivation and numerical tests, we formed several conclusions.
( 1 ) For a given cube with an anisotropic density that is buried underground , the changes in gravity on the Earth's surlace caused by the vertical displacement are distributed in the form of a circle. H a cube with a length and width equal to 20 km, a thickness of 2 km, a density difference of 300 kg/m 3 • ( 6) For the model shown in figure 3 , the magnitude Vol.4
of the gravity anomaly caused by vertical displacement in a rmiform density cube is one order larger than that of the DGZ.
In the present study, we focused on deriving a practical expression for estimating the changes in gravity due to the deformation of a DGZ, DI and UDB. However, this cubical model is not sufficient to simulate complex and dynamic problems. Further study will be required to create a more realistic model.
